ABSTRACT The effects of F-strain Mycoplasma gallisepticum (FMG) inoculation and 1.5% supplemental dietary poultry fat (PF) on the performance of commercial layers between 20 and 58 wk of age were investigated. Sham and FMG inoculations were administered at 12 (before lay) and 22 (early in lay) wk and dietary treatments (basal control diets and basal control diets with 1.5% supplemental PF) were initiated at 20 wk of age. Mortality at wk 47 and 53 was greatest in birds inoculated with FMG at 22 wk. Feed consumption from 20 to 23 and from 52 to 55 wk of age was greater in birds that were inoculated with FMG (12 or 22 wk). However, feed consumption decreased in birds that were inoculated at 12 wk (sham or FMG) when 1.5% supplemental PF was added to the diet. Percentage of total egg production (EP) between 22 and 58 wk of age was highest in hens that were inoculated with FMG at 22 wk. Furthermore, weekly EP increased at wk 27 and 58 and decreased at wk 47 after birds had been inoculated with FMG (12 or 22 wk), and increased at 22 wk and decreased at 54 wk when inoculations (sham or FMG) were given at 22 wk. Egg weight was increased at wk 29, 31, 39, 40, 42, 44, 53, and 58 in birds that were inoculated with FMG (12 or 22 wk); however, there were no coherent treatment effects on eggshell quality. An FMG inoculation at 22 wk may promote total EP through 58 wk, whereas the inoculation of commercial layers with FMG (12 or 22 wk) may increase subsequent feed consumption during the early and late stages of EP and increase egg weight throughout lay. However, the supplementation of hen diets with 1.5% PF beginning at 20 wk of age may reduce subsequent feed consumption throughout lay in birds having experienced a prelay (12 wk) inoculation.
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INTRODUCTION
Inoculation of commercial layers with live F-strain Mycoplasma gallisepticum (FMG) is commonly used to protect flocks against more virulent field or wildtype strain Mycoplasma gallisepticum (MG) infections (Branton et al., 1997; Kleven, 1998) . The FMG inoculations administered before birds are exposed to field strains of MG have proven useful in reducing egg production (EP) losses in layers (Luginbuhl et al., 1976) . However, Burnham et al. (2002b) showed that the inoculation of pullets with FMG at 12 wk of age may lead to subsequent delays in lay onset and the production of undersized eggs as well as a decrease in total EP. Furthermore, Branton et al. (1999) showed that flocks that had been inoculated with FMG before the beginning of production laid fewer large eggs compared with uninfected or MG-clean flocks. Peebles et al. (2008) examined the effects of FMG inoculations given prelay (12 wk of age) or at lay onset (22 wk of age) on the subsequent performance of commercial layers throughout lay (through 58 wk of age). It was reported that FMG inoculation (12 or 22 wk) decreased EP at the beginning of lay (wk 22 and 23) but increased postpeak lay at wk 45. Nevertheless, there were no reported effects of FMG inoculation or the age of inoculation on total EP, egg weight (EW), or on any of the internal egg and eggshell characteristics examined during lay.
The use of different types of supplemental fat [corn oil, poultry fat (PF), or lard] and different levels of supplemental PF (1.5 or 3.0%) in the diets of broiler breeder hens has been demonstrated to alter the quality of their eggshells (Peebles et al., 2000) . Later, Peebles et al. (2003) also reported that the effects of a 12 wk inoculation of FMG on EP and feed consumption (FC) through 26 wk of age in commercial egg-laying chickens can be modified by 1.5% supplemental dietary PF. It was more specifically concluded in that study that PF may alleviate reductions in early EP in response to a prelay FMG inoculation. However, that study consisted only of a single trial, which did not extend beyond wk 26, and only examined the effects of 1.5% PF on the early performance of layers infected with FMG.
The objective of this research was to extend the earlier research conducted by Peebles et al. (2003) into a complete lay cycle and to examine the effects of FMG inoculations administered prelay and at onset of lay in multiple replicate trials. Therefore, this study was larger in scale than that of Peebles et al. (2003) , by consisting of 3 consecutive trials that were likewise conducted in a commercial egg laying facility. It was also designed to include an examination of the interactive effects of 1.5% supplemental PF fed beginning at 20 wk of age with FMG inoculations at 12 or 22 wk on layer performance between 20 and 58 wk of age.
MATERIALS AND METHODS

Bird Management
In all 3 trials, 1-d-old Single Comb White Leghorn pullets of a single genetic strain (Hy-Line variety W-36) were obtained from a commercial hatchery certified free of MG and Mycoplasma synoviae (MS; USDA-APHIS- VS, 2003) , and all trials were conducted under an approved USDA animal care and use protocol. Until 12 wk of age, birds were raised, vaccinated, and tested for the presence of MG and MS as described by Peebles et al. (2003) . Starter, grower, developer, and prelay diets were fed to pullets in respective 0 to 6-, 6 to 12-, 12 to 18-, and 18 to 20-wk intervals in trial 1 as described by Peebles et al. (2003) . Similar formulations of these diets were used in trials 2 and 3. At 12 and 22 wk of age in each trial, 120 sham-(control) and 120 FMG-(treated) inoculated birds were randomly assigned to individual cages in 1 of 2 enclosed and isolated ends of a caged layer facility according to inoculation treatment. All birds were wing-banded for individual identification.
In all 3 trials, 2 isocaloric and isonitrogenous treatment layer diets (Table 1) were randomly provided to birds within each end of the layer house beginning at 20 wk of age, with both dietary treatments assigned to birds belonging to each inoculation type (sham-or FMG-inoculated) and inoculation age (12 or 22 wk) treatment combination. One diet served as a basal control diet (BC; contained 0.5% PF), and the other was the basal diet supplemented with 1.5% PF (BCPF; 2.0% total PF). There were 3 replicate groups (10 birds per replicate group) for each inoculation type, inoculation age, and dietary treatment combination. Birds in each side of the house were watered, fed, and ventilated separately. Feed and water were provided for ad libitum consumption. In all 3 trials, available protein and lysine percentages in the layer diets were adjusted according to the amount of feed consumed per bird when new feed batches were mixed every 28 d. Ingredient percentages and calculated analyses of the experimental diets for the first 2 feed batches (wk 20 and 24) in trial 1 are provided by Peebles et al. (2003) . Furthermore, determined analyses of the CP, crude fat, crude fiber, ash, and moisture contents of both diets at wk 20 and determined percentages of total fatty acids in both diets at 20 wk in trial 1 are provided by Peebles et al. (2003) . Ingredient percentages and calculated analyses of the 2 different layer diets at 52 wk in trial 1 are provided in Table 1 . The layer diets in trials 2 and 3 were formulated similarly to those in Trial 1. All pullet and layer diets were formulated to meet or exceed NRC (1994) specifications. 
FMG Inoculation and Mycoplasma Detection During Lay
Pullets treated with FMG were inoculated via eye drop in the right eye at either 12 or 22 wk of age with 0.04 mL of a 24-h broth culture of high-passage FMG. Mycoplasma gallisepticum organisms were passed in broth medium after being received from S. H. Kleven (University of Georgia, Athens) at the 99th passage above the unknown passage level. In trial 1, the titer of the inoculum and its determination at wk 22 was the same as that described for wk 12 by Peebles et al. (2003) . At 12 and 22 wk in both trials 2 and 3, titers of the inocula were similarly determined as in trial 1 and were 1.0 × 10 10 cfu/mL. Differences in the FMG titers between trials are normal and within the ranges that are typically observed in the literature. Pullets designated as controls for both 12-and 22-wk FMG-inoculated birds were sham-inoculated via eye drop in the right eye at 12 wk of age with 0.04 mL of sterile Frey's broth medium. At 20 and 58 wk of age, 1 randomly selected hen from each replicate group within 12-and 22-wk sham-inoculated and 12-and 22-wk FMG-inoculated treatment groups were bled and swabbed. Each of those samples was tested for the presence of MG using serum plate agglutination (SPA), hemagglutinationinhibition (HI), and fluorescent antibody tests as described previously for pullets at 5 wk of age.
Data Collection
Trial termination was at wk 58. Mortality in each replicate group was recorded daily between 22 and 58 wk for the determination of average mortality (percentage of total birds) in each replicate group at each week. Average FC [feed (g)/bird per day] was determined for each replicate group for 20 to 23, 24 to 27, 28 to 31, 32 to 35, 36 to 39, 40 to 43, 44 to 47, 48 to 51, and 52 to 55 wk of age intervals. Individual birds in each replicate group were weighed for the determination of average bird BW (g) in each replicate group each month between 24 and 52 wk and again at 58 wk of age. Feed conversion ratio [feed consumed (g)/eggs produced (g)] in each replicate group was determined monthly between 24 and 56 wk of age. Egg production for each replicate group was recorded daily between 22 and 58 wk for determination of average weekly EP (percentage hen-day) and for total EP (percentage eggs/hen) over the entire 22 to 58-wk period. Furthermore, between 24 and 58 wk, the weights of individual eggs collected over a 4-d period each week were obtained for determination of average EW (g) within each replicate group.
At 24, 34, 44, 50, and 58 wk of age, a total of 10 eggs were collected from each replicate unit for eggshell quality determinations. If less than 10 eggs were collected on a given day, the rest were collected the following day of the same week. Nevertheless, determinations were made on the same day that eggs were collected. Determined eggshell quality parameters included percentage of eggshell weight (PSW) and eggshell weight per unit of surface area (SWUSA). Eggshell weight was obtained according to the procedure of Brake et al. (1984) , and the method of measurement of SWU-SA was as described by Peebles et al. (1994) . Eggshell weight was expressed as a percentage of total EW, and SWUSA was expressed as milligrams per square centimeter.
Statistical Analysis
A completely randomized experimental design was utilized. Individual sample data within each replicate group were averaged before data analysis. Parameters for which the same experimental units were observed over multiple age periods were subjected to a repeated measures analysis. These included BW, mortality, FC, EP, EW, PSW, and SWUSA. Total hen EP was subjected to split-plot analysis to assess the effects of diet, inoculation type, and inoculation age. Weekly EP and EW were further regressed with hen age for slope comparisons of treatments observed to significantly interact with hen age. Comparisons of means were by Fisher's (protected) least significant difference in the event of significant global effects (Steel and Torrie, 1980) . All data were analyzed using the MIXED procedure of SAS software (SAS Institute, 2003) . Global effects and means separations were considered significant at P ≤ 0.05.
RESULTS
All initial mycoplasmal cultures as well as SPA and HI test results obtained from the sera of birds at 5 wk of age were negative for both MG and MS in all 3 trials. Furthermore, serum samples obtained from 12-wk sham-inoculated control birds at 20 wk of age were SPA-and HI-negative for MG, whereas the same tests were positive for MG in the 12-wk FMG-inoculated birds. Similarly, at 58 wk of age, serum samples from birds that were sham-inoculated at 12 or 22 wk of age were SPA-and HI-negative for MG, whereas those inoculated at 12 or 22 wk of age with FMG tested positive for MG. Fluorescent antibody culture results for swabs obtained at 20 and 58 wk of age confirmed the SPA results by being negative for Mycoplasma species growth and MG fluorescence for all control hens tested, whereas all FMG-inoculated hens tested were positive for Mycoplasma species growth and MG fluorescence.
There was a significant (P ≤ 0.02) hen age × type of inoculation × age of inoculation interaction for weekly bird mortality between 22 and 58 wk of age. However, significant type of inoculation × age of inoculation interactions were observed only within the 40-, 45-, 47-, 49-, and 53-wk periods. The interaction subclass means at those ages are presented in Table 2 . Percentage mortality at wk 40 was higher in birds that were sham-inoculated at 22 wk in comparison to birds that were sham-inoculated at 12 wk and to those that were inoculated with FMG at 12 or 22 wk. Conversely, at wk 45, mortality was higher in birds that were shaminoculated at 12 wk in comparison to those that were sham-inoculated at 22 wk and to those that were inoculated with FMG at 12 or 22 wk. Furthermore, those inoculated with FMG at 22 wk had a higher mortality at wk 45 than those that were sham-inoculated at 22 wk, with the 12-wk FMG inoculation group being intermediate. An FMG inoculation at 22 wk caused a significantly higher mortality at wk 47 in comparison to a sham inoculation at 22 wk or an FMG inoculation at 12 wk, with the 12-wk sham inoculation treatment being intermediate. At wk 47, mortality was also higher in hens that were sham-inoculated at 12 wk compared with those inoculated with FMG at 12 wk, with 22-wk sham-inoculated birds being intermediate. At wk 49, the 22-wk sham inoculation resulted in a higher mortality than the other 3 treatment groups, whereas at wk 53, the 22-wk FMG inoculation caused a higher mortality than the 12-and 22-wk sham inoculations, with the 12-wk FMG inoculation treatment being intermediate. Mortality at 53 wk was also higher in 12-wk FMGinoculated birds compared with 12-wk sham-inoculated birds, with the 22-wk sham inoculation resulting in an intermediate effect.
For BW between 24 and 58 wk of age, there was only a significant hen age effect (P ≤ 0.0001; Table 3 ). Body weight increased significantly between all age intervals examined except for the 52 to 58-wk interval. Body weights at wk 52 and 58 were not significantly different. However, there was a significant (P ≤ 0.004) hen age × type of inoculation interaction for FC in the 20 to 55-wk period. In the 20 to 23-and 52 to 55-wk periods, FC was greater in birds that were inoculated with FMG in comparison to those that were sham-inoculated, regardless of the age at which they were inoculated. In the 20 to 23-wk age period, mean FC for the sham and FMG treatments was 82.4 and 86.8 g/bird per day, respectively, and in the 52 to 55-wk period, mean FC for the sham and FMG treatments was 103.6 and 106.7, respectively (pooled SEM = 1.49 g/bird per day; data not shown in tabular form). Furthermore, across the 20 to 55-wk period, there was a significant (P ≤ 0.03) age of inoculation × diet interaction for FC. Birds inoculated at 12 wk of age and fed the BC diet had a significantly higher FC compared with birds that were also inoculated at 12 wk but that were fed the BCPF diet. Those that were inoculated at 22 wk and that were fed either diet had an FC that was intermediate to and not significantly different from the birds inoculated at 12 wk and that were fed either diet. Mean FC of the 12-wk inoculation-BC diet, 22-wk inoculation-BCPF diet, 22-wk inoculation-BC diet, and 12-wk inoculation-BCPF diet groups were 104.2, 103.1, 102.1, and 101.2 g/bird per day, respectively (pooled SEM = 1.39 g/bird per day; data not shown in tabular form). There was a significant hen age effect on feed conversion ratio [feed (g)/egg (g); P ≤ 0.0001; Table 3 ]. Feed conversion ratio was higher at wk 28 in comparison to all other time periods examined through wk 56. Furthermore, feed conversion was higher at wk 24, 32, 36, and 40 in comparison to wk 44, 48, 52, and 56. Feed conversion ratio at wk 44 was also higher than that at wk 48 and 52, with wk 56 intermediate, and feed conversion at wk 48 and 56 was higher than that at wk 52. Means among treatments within a row (week of age) with no common superscript differ (P ≤ 0.05). 1 n = 6 replicate units for the mean of each treatment at each week. 2 Pooled SEM = 0.4221. There was a significant (P ≤ 0.004) type of inoculation × age of inoculation interaction for percentage of total EP. Percentage of total EP across the 22 to 58-wk period was higher in birds inoculated with FMG at 22 wk in comparison to those that were inoculated with FMG at 12 wk and those that were sham-inoculated at 12 or 22 wk. Percentage of total EP was 85.8, 82.7, 82.0, and 81.2% for the 22-wk FMG inoculation, 12-wk FMG inoculation, 12-wk sham inoculation, and 22-wk sham inoculation groups, respectively (pooled SEM = 0.69%; data not shown in tabular form). There was also a significant hen age × type of inoculation interaction (P ≤ 0.0003; Table 4 ) and a significant hen age × age of inoculation interaction (P ≤ 0.003; Table 5 ) for weekly EP between 22 and 58 wk. Egg production was greater in FMG-inoculated compared with sham-inoculated birds at wk 27 and 58. Conversely, EP was higher in sham-inoculated compared with FMG-inoculated birds at wk 47. In addition, EP at wk 22 was greater in birds that were inoculated at 22 wk of age in comparison to those inoculated at 12 wk of age, but at wk 54, EP was higher in birds that were inoculated at 12 wk compared with those that were inoculated at 22 wk. Across the 22 to 58-wk period, there were no significant differences between the EP slopes for the sham and FMG inoculation treatments or between the EP slopes for the 12-and 22-wk inoculation treatments.
There was a significant (P ≤ 0.02) hen age × type of inoculation interaction for EW between 22 and 58 wk of age (Table 4) . At wk 29, 31, 39, 40, 42, 44, 53, and 58 , birds that were inoculated with FMG had a greater EW compared with those that were sham-inoculated. There was a significant (P ≤ 0.0001) hen age effect for PSW and SWUSA between 24 and 58 wk of age (Table 6 ). The PSW and SWUSA of eggs decreased significantly between wk 24 and 34 and between wk 34 POULTRY FAT AND F-STRAIN MYCOPLASMA GALLISEPTICUM EFFECTS and 44. The PSW of eggs subsequently decreased again between wk 44 and 58, with wk 50 being intermediate. However, SWUSA did not significantly change again between wk 44, 50, and 58. There was a significant type of inoculation × age of inoculation × diet interaction for PSW (P ≤ 0.04) and for SWUSA (P ≤ 0.03).
These data are presented in Table 7 . The PSW of eggs from birds that were fed the BCPF diet and that were either sham-inoculated at 22 wk or inoculated with FMG at 12 wk were greater than those that were fed the BCPF diet and that were sham-inoculated at 12 wk, with all other treatments being intermediate. The SWUSA of eggs from birds that were fed the BCPF diet and that were inoculated with FMG at 12 wk was higher than those from birds that were fed the BC diet and sham-inoculated at 22 wk, and were also higher than those from birds that were sham-inoculated at 12 wk regardless of diet. Furthermore, the SWUSA of eggs from hens that were fed the BCPF diet and that were sham-inoculated at 22 wk was higher than that of eggs from hens that were likewise fed the BCPF diet but that were sham-inoculated at 12 wk.
DISCUSSION
The inoculation of FMG at 22 wk of age led to a significant increase in hen mortality at wk 47 when compared with a sham inoculation at 22 wk and led to an increase in mortality at wk 53 when compared with sham inoculations at 12 or 22 wk. However, because significant increases in mortality at other ages between 40 and 49 wk were also attributable to sham inoculations in comparison to FMG inoculations (12 or Means among treatments within a row (week of age) with no common superscript differ (P ≤ 0.05).
1 n = 12 replicate units for the mean of each treatment at each week. 2 Pooled SEM = 1.17. 22 wk), FMG challenges at 12 or 22 wk not only had no influence on mortality between 22 and 40 wk, but also appeared to have no consistent effect on mortality during postpeak lay. Burnham et al. (2002b) likewise found no influence of an FMG inoculation at 12 wk on subsequent hen mortality throughout lay. In other experiments in which the effects of 12-or 22-wk FMG inoculations were assessed (Peebles et al., 2007; Vance et al., 2008; Viscione et al., 2008) , no effects of FMG inoculation at either age period were shown to affect hen mortality during lay. Burnham et al. (2002b) observed a decrease in total EP but no effects on BW, EW, FC, or feed conversion during postpeak lay due to an FMG inoculation at 12 wk. Furthermore, Burnham et al. (2002a) reported that the average number of mature ovarian follicles was lower in 12-wk FMG-inoculated hens in comparison to controls. However, in comparison to sham inoculation (12 or 22 wk), FC between 20 and 23 and between 52 and 55 wk of age in the present study was increased by FMG inoculation. The effects of an FMG inoculation on FC had no associated effect on BW or feed conversion, but they were associated with weekly EP and EW. Concomitant with increases in FC in the 20 to 23-and 52 to 55-wk age intervals, EP at 27 and 58 wk and EW at 29, 31, 39, 40, 42, 44, 53 , and 58 wk also increased in response to an FMG inoculation. This would suggest that the FMG-induced increases in EP at these early and late points in lay, and increases in EW between 29 and 58 wk, were supported by an increase in FC. The treatment response observed for EP at 27 and 58 wk, however, was not entirely mirrored by total EP across lay because total EP was significantly increased only by an FMG inoculation administered at 22 and not at 12 wk of age. In FMG-treated birds, the significant decrease in EP at wk 47 may have reduced the effect of the increases in EP at wk 27 and 58 on total EP.
In addition to the above-noted effects on EP in response to the specific inoculation of FMG, the EP results of this study also imply that the age at which inoculations (sham or FMG) are administered have a differential effect on weekly EP. Upon comparing 12-and 22-wk inoculations, it was found that those administered at 12 wk decreased EP at 22 wk, whereas those administered at 22 wk decreased EP at 54 wk. Evidently, the stress of the 12-wk inoculation procedure carried over into the early stages of lay so as to override the immediate effect of the 22-wk inoculation, and the stress of the 22-wk inoculation carried over into the later stages of lay, superseding the effects of the earlier 12-wk inoculation.
In a previous report (Peebles et al., 2003) in which the same flock of birds was used as in trial 1 of the current study, it was demonstrated that the effects of an inoculation of FMG at 12 wk of age on the subsequent FC and EP of young commercial layers can be modified by the addition of 1.5% supplemental dietary PF beginning at 20 wk of age. At wk 20 and 24 in that study, 1.5% supplemental PF did not significantly affect BW or feed conversion in FMG-inoculated birds, but it did reduce FC over both age periods in birds that had been sham-inoculated. These results were partly reflective of those by Fuller and Rendon (1979) and Peebles et al. (2000) . Fuller and Rendon (1979) reported that broilers gain more BW and that their caloric efficiency is greater when they consume diets with elevated fat levels compared with those consuming control diets that are low in fat, and Peebles et al. (2000) showed that the BW of broiler breeders were higher when they were fed diets containing added fat compared with diets with no added fat. Nevertheless, in the report by Peebles et al. (2003) , the supplemental PF did not similarly reduce FC in birds that were inoculated with FMG at 12 wk as it did in those that were sham-inoculated, indicating that the supplemental PF may have been ineffective in reducing subsequent FC at 20 and 24 wk of age in birds that were challenged with FMG at 12 wk.
Despite the lack of any treatment effects on BW and feed conversion in the current study, FC was reduced between 20 and 55 wk of age in birds that had been inoculated at 12 wk (sham or FMG) when they were fed 1.5% supplemental PF. These results indicate that the 1.5% added PF (BCPF diet) was capable of ameliorating an elevation in FC over the entire 20 to 55-wk period in birds that became stressed by the inoculation process at 12 wk, and that unlike the results at wk 20 and 24 that were previously reported by Peebles et al. (2003) , the presence of FMG in the inoculum had no effect on FC. Although the BC and BCPF diets in the current study were isocaloric, the BCPF diet may have provided a higher caloric efficiency as a result of its higher crude fat content. However, unlike the results of Fuller and Rendon (1979) , the higher fat content of the BCPF diet did not significantly increase hen BW. This may have been due in large part to the significant decrease in FC of the wk 12-inoculated birds in response to the added fat. Peebles et al. (2003) further reported that 1.5% added PF helped to alleviate the depressing effects that a 12-wk inoculation of FMG had on EP through 26 wk of age. More specifically, the supplemental PF eliminated differences in 20 to 26-wk EP between sham-and FMG-inoculated birds. In contrast to that report, the use of 1.5% supplemental PF in this study did not influence weekly or total EP in the 22 to 58-wk period beyond what was observed in response to the inoculation regimens that were imposed. Although Peebles et al. (2003) did not examine eggshell quality between 18 and 26 wk of age, the current results indicate that dietary treatment interacted with the type (sham or FMG) and age (12 or 22 wk) of inoculation between 24 and 58 wk of age. Most noticeably, eggshell quality (PSW and SWUSA) was most compromised in birds that were sham-inoculated at 12 wk and provided 1.5% supplemental PF. However, there was no clear and consistent evidence that 1.5% supplemental PF would augment the eggshell quality of hens that had been subjected to inoculation (sham or FMG).
In conclusion, a comparison of the results of Peebles et al. (2003) with those of this study suggest that the negative effects of FMG itself on FC and EP during the early stages of lay (20 to 26 wk of age) can be positively modified with the use of 1.5% supplemental dietary PF, but that over an entire lay period (22 to 58 wk of age), the use of 1.5% supplemental PF may only be effective in modulating the adverse effects that the stress of a prelay inoculation procedure has on subsequent FC.
